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Smart Grid and Grid Modernization Abroad:
Examples of Major Priorities, Programs, and
Initiatives

Russell Conklin, U.S. DOE
Vice Chair, Executive Committee, ISGAN
“Tools for the Smarter Grid” ¢ 14 April 2016 e Brookhaven National Lab
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« About ISGAN

 Selections from...

s Korea

s India

% Singapore

s Japan

s ltaly

s Canada

s Mexico

%+ GRID4EU

v ELECTRA

s ETP Smart Grids
s ERA-Net Smart Grids Plus

© Links , % CLEAN ENERGY | ’
MINISTERIAL <w
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International Smart Grid Action Network =

ISGAN activities are meant to...

call attention to the importance of electricity grids for clean energy
build a better global understanding of smart grids

Improve knowledge exchange among experts and practitioners
address gaps in knowledge and tools

recognize excellence in smart grids projects and programs
support replication of proven ideas

Visit iea-isgan.org
. CLEAN ENERGY (
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uropean Commission -

Contracting Parties: 25

Invited: Malaysia

Expression of Interest;

Indonesia

Government of Belgium

Government of Canada

U.S. Department of Energy

i-D

Government of Mexico

Union Fenosa Distribucion

Government of France

Ricerca sul Sistema Energetico (RSE S.p.A.)

Government of Austria

Participants

Danish Energy Agency

- i Norwegian Ministry of Petroleum and Energy
I - Forschungszentrum Jiilich GmbH

Swedish Energy Agency

New Energy and Industrial
Technology Development
: Organization (NEDO)
Swiss Federal z.: \
Sl o R
E:{gr f Government of Korea
9y Energy Market
Authority, Singapore
=1—arm | Commonwealth Scientific
H K &
Govle\;ré l:elr\; ;gj;\/ll ndia * and Industrial Research
¢ ’ Organization
\— POWER GRID, CPRI
—
South African National

Energy Development Institute
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~wsreniae ISGAN is part of CEM process

CEMY - 2016
United States CE_M1 - 2010
United States

CEM2 - 2011

United Arab Emirates

San Francisco,

California,
June 1-2, 2016

CCCCC

CEM3 - 2012
United Kingdom

CEMS - 2014

Korea

CEM4 - 2013

India

CEM6 - 2015

Mexico 5
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CEMY, San Francisco, CA, June 1-2, 2016

Startups and Solutions Showcase of technologies and innovation

Public-Private Action Summit, featuring announcements of award
winners, launch of new high-level campaigns, release of new reports, etc.

Closed-door Ministers’ Discussions; invitation-only Roundtables

Side events with involvement of WBCSD, GO15, REN21, and more...

CEMY website: http://cem7.orq/ 6 6
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O 1 Government’s SmartGrid Vision

Low Carbon, Green Growth Society

" | Y Nationwide SG
_ 2030
Metropolitan SG

.

Vision

2020

Smart City "
2014 I \ , /

Country Enhancing Energy Efficiency and Cutting CO, Emission

| Jyfzlgod B New Growth and Export Engine

ele/i4[«[IEIA Improvement in Quality of Life

SmartGrid [ Smart ][ Smart ][ Smart ][ Smart ][ Smart ]
Category Power Grid Customer Transport Renewable Elec. Service

-

Strategic
Direction

The Future is in our hands



04 Implementing MicroGrid

On the Way

Area/
Population

Customers

Configuration

Main
Characteristics

Status

-

Gapa lsland ___ DeoKjeok Island
0.85knf / 281 22.97kr / 1,919
193 1,000

WT + PV + ESS + EMS

WT + PV + ESS + AMI
+ Geothemal

Carbon Free Island Ecooly Energy
Independent Island

(KOREA's First) (Stabilizations, Optimization)
Operating Project Started
(2013 ~ ) (2015)

The Future is in our hands

0.85km / 281

193
WT + PV + Hydro + ESS
+ Geothemal + EMS

Green Energy
Independent Island

(Economic feasibility +
Supply reliability)

Project Started
(2015)



06 SmartGrid Station

Renewable g

Energy System

“¥ Component of SG Station

Smart Grid Station
Bectic Vehide

—Operaing' System! Chaghg Ssem B
~ Y3y
jﬁ ergy Storage System Buiding Automation ,‘&
(AT

SystemBAS)
-

_l" Renewable Energy

B - Opaiton 7
| Power ioning System Srat Outels a
- (&) & % ' 99
E:
Li Ackanced Veteing Al [—\ﬂ Smart stmbuﬁon

Energy Storage i

Building Automation
System

. E—
)

Photo Voltaic

Intergrated Operation

Center

- Suiaet
A Lighting

- Group Control
- Remotely On/Off

The Future is in our hands




1-2. Nation-wide SG Expansion Project
' Regional Business Model )

|Seoul (Educational institutions)1‘ = Power Trading by DER(ESS, VZG|

= Power Trading by DER(ESS, V2G » EV Charging Infrastructure
= EV Charging Infra, Car Sharing * Energy Consulting(AMI)
* Power resale(AMI) s - )
J e |
JInchun ( Industry Complex) |4r Gangreung (Eco-friendly Town)

* Energy Consulting(AMI)

» EV Charging Infrastructure

= Renewable + ESS
(Improved utilization)

= DR(BEMS/FEMS +ESS)
» EV Charging Infrastructure
» Energy Consulting(AMI)

p ko) ) )
|ChungNam( New Town)
- DR(BEMS+ESS) ;Q - KyungBuk(Educational institutions)
= EV Charging Infrastructure = Power Trading by DER(ESS, V2G
= Car Sharing = EV Charging Infrastructure
* Power Trading by DER(ESS, V2G » Renewable + ESS

(Improved utilization)

J

|JeonBuk ( SaeManGum Area)

= Power resale(AMI)
» Power resale(AMI) I » EV Charging Infrastructure
» EV Charging Infra, Car Sharing = DR(BEMS +ESS)
= DR(BEMS+ESS) ) = Renewable + ESS

(Improved utilization)

€ 5 KKeEpPCco 11/45
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India operates one of the largest synchronous grids in the
world — covering an area of > 3 million sqkm, 290 GW
capacity and >200 million customers

Per capita
consumption of
electricity is % of
world average

> 300 million
people not connected
to the grid

To address the above challenges, the Indian power system is expected to grow 8-10% p.a.
for next several decades - managing a rapidly growing power system of this size requires
smarter systems

Developing countries like India need to invest in both strengthening the electrical network as
well as adding communications, IT and automation systems to build a strong and smart grid

13 T CLEANTECNERGY
Energy) Technology
MINISTERIAL At st
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Ministry of Power (MoP) in consultation with

b"

the India Smart Grid Forum and India Smart o

Grid Task Force has formulated a smart grid e
VISIO,n and roac_lmap for _Indla, zillgned to Seert Seld Wision and
MoP’s overarching objectives of “Access, Roadmap for India

August 12, 2013

Availability and Affordability of Power for
All”

Smart Grid Vision for India

Transform the Indian power sector
Into a secure, adaptive, sustainable
and digitally enabled ecosystem
that provides reliable and quality
energy for all with active

participation of stakeholders . ) eaANENERGY C
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1. Mandate from 2013 Smart Grid Vision and Roadmap to National Smart Grid Mission
(NSGM) to accelerate deployment of smart grids.

2. Prime focus of Smart Grid projects is on loss reduction, improvement in quality
of supply and managing increasing penetration of distributed Renewable
Generation and Electric Vehicles.

3. NSGM approved in March 2015 to plan and monitor implementation of policies and
programs related to Smart Grid activities in India with investment of around USD 150
Million

4. To begin with, 20 smart cities declared to be covered for smart grid implementation.

5. NSGM Project Management Unit (NPMU) created under Director, NSGM which
is the single point contact on Government of India’s view regarding Smart Grid
implementation.

6. Around 10 Pilot Projects are in advanced stages of implementation. Learning
from these pilots will help formulating strategy and policies for new projects.

7. Two projects are under approval with NSGM with consumer base of around 175 000
and investment of around USD 17 million. Many more are in pipeline.

. CLEAN
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1.

(4

Under R-APDRP / IPDS scheme several building blocks of Smart Grids (GIS Mapping, IT
Networks including Data Centres, SCADA/DMS, Billing/CRM Systems, Infra upgrade
etc.) being created in urban areas ( Investment of around USD 10 billion USD).

DDUGIJY scheme for electrification of un-electrified villages, access to 50 million
households, system strengthening (Investment of another USD 11 billion)

Government of India approved 14 Smart Grid Pilot Projects with a consumer base of
around 150,000 and an investment of around USD 65 Million of which 10 are already
under implementation

Vision of 24X7 energy for all by 2019.

Plan to expand renewable energy capacity five-fold to 175 GW by 2022,
(100 GW Solar and 60 GW Wind power). 40 GW to come from Roof-top Solar PV alone

Smart Cities Mission envisages converting 100 cities into smart cities.

UDAY Scheme targets Smart Metering for all consumers consuming
200 kWh/month by 2019

The Smart Grid Vision and Roadmap for India envisages development of 1,000
microgrids by 2017; another 10,000 microgrids in 13th Five Year Plan (2017-2022)

and 20,000 microgrids in 14t Five Year Plan (2022-2027): total 31000 Microggigs!
» CLEAN
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* Singapore has one of the most reliable electricity systems in the world.
Compared to other systems, Singapore’s grid has many “smart grid
features” already built in, such as the Supervisory Control and Data
Acquisition (SCADA) system, which allows remote monitoring and control
of key installations.

* Smart grid initiatives will build on the existing core system to continue to
deliver efficient outcomes and value for stakeholders, including licensees
and electricity consumers.

* Smart grid developments do not only pertain to physical infrastructure,

but also encompass putting in place the policies, ecosystem and
competencies within the industry to bring about the intended outcomes.

A
, * CLEAN \
E Technol
MINISTERIAL e e
Accelerating the Transition to Clean Energy Technologies



W . :

*+eh iy L

*s s3992004
st s *e
:.05{‘.'0' £ 49 ,‘:. .

09 0 +
‘ *e ,"’:i’ :

D"
.“.’."14.0 .. ‘o’ ..

. Priorities to Stay Ahead \ 5K

*

FOSTERING INDUSTRY INNOVATION BY BEING PRO-BUSINESS
Address industry’s needs and enhance the regulatory framework

| in order to facilitate commercially viable business models and

foster a pro-business environment

ENABLING GREATER COMPETITION IN THE ENERGY MARKET
Lower barriers to entry and regulatory enhancements allow new
industry players to enter the solar and electricity retail markets

CREATING ENERGY CHOICES FOR CONSUMERS
More consumers are able to benefit from different energy sources

as well as innovative energy price plans
% CLEAN
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MINISTERIAL

Accelerating the Transition to Clean Energy Technologies

19



PP PP P9 4 LY
W*""‘ e

s3850; consumers Have New Avenue to\ «=*
,pm Consumers Have Ne enue AR

E R ‘ﬁegotmte Long Term Electricity Prices | =
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e An Electricity Futures Market allows the trading of standardised contracts of
electricity products into the future at specified prices.

* |t provides a platform for generation companies to hedge their commercial and
operational risks; and lower the barrier to entry for new independent retailers.

Bid-Ask spread: The market makers are required

® Th |S |n tU rn a | | OWS COnSU m erS SGX USEP Quarterly Base Load Electricity Futures to put up a number of bid and ask offer pairs on

SGX QUEST (T) Trading Hours: Mon-Fri 2.00pm - 5.00pm | the market within the prescribed spread

to lock in Iong term prices; U Asat01:04-2015.449 PM
and utilise the transparent owect [Last  Prev Bd Ak Open Weh low Cose Vol Openimi Sette | Day
prices provided by the futures [ ; oo sasof I o ] ] - ] 10111
. . E ||Sep 15 - 72.05 96.05 - - - - - -] 102.90
market to negotiate their e [oecs : ) I o522
e o - E ||Mar 16 - 76.71| 100.71 - - - - - -|| 107.75
electricity retail packages c|[an s : TECY 1] o058
H H H E ||Sep 16 - 81.42| 10542 - - - - - -] 11191
with electricity retailers. = (e : e | BT
E ||Mar 17 - 85.75| 109.75 - - - - - -] 11424
E |{Jun 17 - 87.52| 111.52
AN Z
Futures contracts available: There will be 9 Daily Settlement Price: Closing price for
consecutive contract quarters available at the day, on which the daily marking of
any time, starting from the current quarter positions to market is done

. % CLEAN
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Electricity
Market
Operator

Market registration required for
payments for excess solar energy

*,
N 2 ”‘ * .
S

Allowing Solar “"Prosumers” to
Receive Payment in an
EXpedlent and Least Effort Manner

AFTER

‘.

BEFORE
i Solar *
Owners
. -m

------------------

Electricity

Retailer/
Provider

21

Electricity
Market
Operator

Electricity
Retailer/
Provider

EEE E

Owners

Iy
ry
ry

Payments for excess solar energy
through Central Intermediary without

onerous market reglstratlon
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Solar energy is only limited to customers with Companies without rooftop space to buy solar
rooftop space i energy from intermediaries who lease rooftop
: space for solar panels

Rooftop space No Rooftop space

3

Rooftop space No Rooftop space

1

iiifiii —
. Rooftop rent Solar payment
il —
Ommm iif i s I iif [in
Coy A Coy B
Coy A Coy C Coy B

Company A has rooftop ~ Company B does not have
space but does not want rooftop space but wants

solar energy to use solar energy Company C can sell the solar energy to Company B

Furthermore, with the Electricity Futures Market, solar independent retailers could
offer a blend of green retail contracts to suit consumers’ needs.

311
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Electricity Demand

*

*

Energy conservation

Japan’s New Energy Mix

Electricity generation mix

i 196TWh (Total Electricity generation )Geothermal
: (A17%) ~1.19
: o _ 1,065TWh
BAU ! I
1 I I
! I~ I Wind 1.7%
! Renewable Energy
! 22~24% olar PV 7.0%
| Nuclear 22 ~20%
Electricity : Electricity
Demand ! Demand
967 i 981 NG 275
TWh | TWh :
| Coal 26% Total base load
! [ power ratio }
| O 3% :26%
2013 ! 2030 2030
( actual results) ! P CLEAN
Source) Ministry of Economy,Trade and Industry, 2015 MINISTERIAL Ene.gyﬁreﬁw:"::ogy
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1st phase: Establishing the OCCTO @ T
2015 (Organization for Cross-regional ki ~bAis el

OCCTO

Coordination of Transmission Operators)

2nd phase:|  Fully liberalizing the electricity
2016 retail market into which retail
entities are able to enter

3rd phase: Further securing neutrality of the

2018-2020 power T&D sector through legal
structural separation;

Abolishment of retail tariff

% CLEAN
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https://www.occto.or.jp/index.html
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* Expand retail competition to the residential sector in 2016, opening a new
market
* Maintain regulated tariffs to 10 big EPCOs at around 2018-2020

Liberalized Sector

(50kW~ )
Share of total power: 63%
Large factory Building

Large building Medium factory Small Factory

Regulated Sector
(~50kW)

Market Volume ; ¥7.5 trillion (=S 75bn, € 54bn)

Number of contracts o
Residential Customers : 76.8m Share of total power: 37%

Small shops and offices: 7.4m

Small shop  Residential Customer

Source: MET]

-------------- Jlogy
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T g 3rd Phase:
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Sfisi .. Structural Separation | BSAN

' «‘: Unbundle the transmlssmn/dlstrlhutlon sectors of big EPCOs by legal unbundling
style at around 2018-2020

5 e 1
! Holding company ;
-----------------------------_-_-!---r---_-_-:::-_-------------------------‘
________________ ! ____________—
Transmission/Distribution
company
Generation Retail
company (System operation) (T;?Srﬁirg&stﬂzn! company
facilities)
Competitive l Competitive
Regulated

<Note>
L ]
v Big EPCOs will be required to unbundle Reglonal monopol‘f
transmission and distribution * Network tariff

companies from generation ones or . T . .
retail ones, in “legal unbundling” Responsibility for maintaining frequency

v" Both the holding company style and the & providing LR service
affiliated company style, in which a .
generation and retail company has a Code of conduct
transmission and distribution company Source: METI

as a subsidiary company ,are allowed.

Accelerating the Transition to Clean Energy Technologies =
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NEDO’s Smart Community\ ««*am-
Projects in Overseas | ==

(4

Lyon (France)

Smart city applications

for re-developed urban
area

ﬁnanchester (U.K,)

Energy switching of heat
consumption of households
and aggregation of energy
storage capability

(" Malaga(Spain)

charging stations
efficiently considering
with power system
and solve traffic
congestions

-

Navigate EV drivers to ="

New Mexico (USA)

Energy management for
power systems with the
large scale PVs

Maui (USA) \

Maximizing the use
of renewable energy
by managing EV
charging

Java ( Indonesia)\

Supplying reliable quality
electricity to industrial

T MINTSTER AL RIS



California Projects (1)

(nevo

DC Fast Charging Project
1. PURPOSE |

EV driving range is shorter than that of
conventional vehicles. (Range Anxiety)

EV charging infrastructure has been mostly
deployed in urban area rather than inter-
city area.

EV drivers’ behavior.

2. ACTION |

Planning to install about 50 Quick chargers
along highways in northern California, from
Lake Tahoe to Monterey.

Analyzing EV traffic data and to study the
correlation between the deployment of DC
fast chargers and EV driving behavior.

The chargers and system are to be started
October 2016.

ESanta Rosa i ) “.".
Rohnert acg;:: e 2
lobark  MNapa The project

S Park
"-'_;‘e!a!uma

Project will lengthen EV trips, and influence

Nobato Val!p,‘g total
F2¥ Criacq 30-50 site
Rlchu.ﬁondd.'r-‘ 4 L ocations
=f Oakldnd "%
_San..\_ <ul o}
Francisco™ alamisia 50 DC fast

Daly City

Yuba City

Aub)

North Roseville
_ Natomas 4
~ e CiItrus. g
S H(‘_’é;:(S.

Fahsield
ol

plans to deploy In

HasWward ) chargers

> » "
o ErSNno
San'Mateo 8 3
oPalo Ale)
Santa ClargeiG & an Jose _
N C
= O 15
S asin ¥ ccenta s
Redwoods (& - A . Rect
State Park -
X Gilkey
SantaSruz
uJ?
Watsonviliss
e
e Paicines
Matr'na i )
aSalinas
Monteshy
Canesi fﬁb

Soledad



California Projects (2) (nEoo

Energy Storage Project

1. PURPOSE | 27

* The State of California has raised its RE portfolio
standard to 50% by 2030.

* Energy storage will play a large role for the high
penetration of RE and the reliability of grids.

* Demonstrate the benefits of the featured
technology “Vanadium Redox Flow battery” to " ,
California in support of the RPS target. T ime

Source: CAISO

Net load in CAISO (GW)
N

15

2. ACTION |

* NEDO will install 2MW 4hour vanadium flow
battery system at a substation site in San Diego.

 Demonstrate the unique attributes of VRF
battery technology of providing multiple uses
to address grid reliability issues and facilitate
high RE penetration.

* The battery system is to be completed August
2016.

(Yokohama: 1MW x 5hr)
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fiwes . Rapid Evolution of PV in Italy
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R 32000 2 TONE S IR ®
18.000 -
[MWp]

O impianti connessi in rete (distribuiti)

16.000 - RSE

B impianti connessi in rete (centralizzati)

Ricenca
Sisterna
Enengetico

M Totale installato annuo

14.000 -

12.000 -

Dati raccolti da RSE e ENEA _
10.000 4 nell'ambito dell'accordo di
collaborazione internazionale

IEA PVPS Task 1

Strategic PV Analysis & Qutreach

8.000 4
3° conto Energia

6.000 - =
Conto E i

1° conto Energia onto Fnergla

|

4.000

2000

0 = bl
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
. CLEAN
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Equivalent to 10 nuclear groups !
15 agosto 2013
34000
29000
/ e
24000 j4 o B
15000
g

14000

Q000

AD0D

-1000

1 2 3 4 5 ] 7 8 5 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Oramercato

B Fabbisogno e pompaggio  BFabbisogno previsto Mestero © altri @ Termici M Idroelettrico MEolico  Solare M Produzione da pompaggio
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' Regulatory attention to both
effectiveness (performance)
and efficiency (cost):
cost benefit analysis for the
whole life-time of the new
components

Demonstration pilot:
real operations in real grid
(no lab)

Replicability and
dissemination of the
best practices

Active grids only: at least
reverse power-flow for 1% of
time from MV to HV

CLEAN ENERGY
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Awarded projects | =

ISGAN

Technology integration projects
proposed by AEEG

8 projects awarded — 7 ongoing
Several regions concerned

Total 16.5 M€ (higher ROI rate)
Transformation of portions of HV
/MV substations and medium
voltage network already
experiencing reverse energy flux;
Management of DG (dispatching,
protection, supervision,
automation, voltage regulation,
communication);

Pre-requisite: high replicability

% CLEAN
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Latency tens ms

NETWORK AUTOMATION AND Latency 10_20 Sec
RECONFIGURATION:

*FLISR — Fault Location Isolation and Service
Restoration

VOLTAGE CONTROL: Participation Latency minutes

of MV Distributed Generation to

LV) through Secondary Substation router .
eFast MV fault Isolation: Detection on eV/oltage regulation trough control from Measurement collection,
isolation of MV fault sections without the secondary substation DG production forecasting and
tripping of the breaker at the line departure | ®Voluntary involvement of prosumers in the | data transmission towards
eAnti — Islanding: detection of possible area TSO systems
islanding condition on MV Network and eCommunication between the inverters and
disconnection of relevant generators the regulation systems
eDevelopment of specific voltage regulators
Volt/VAR
eIntegration with DSO and TSO SCADA

ICT — THE ESSENTIAL ENABLER

ADDITIONAL FUNCTIONALITIES:
* ELECTRIC MOBILITY INTEGRATION
* STORAGE INTEGRATION
* SERVICES FOR THE FINAL USER: =
INFORMATION AND FLEXIBILITY 37 CLEAN ENERGY
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ESS Specific Specific Number DC/DC
T Description E/P energy power of effclenc
ype (Wh/kg) (Wh/kg)  cycles y
LINICOAIO2 SaFT 108 205 3000 97
Livnzos (I 65 65 5000 >97
Litio-ioni | LiFePo4 0,5-2 100 105 4000 95
LiNiIMnCoO2 SIEMENS 80 160 3000 91
Li4Tis012  TOSHIBA 73 73 6000 93
FIAMM
ZEBRA | netic 2-4 85 40 4500 90

Sk

Source: Terna

Started a scouting phase for 2,5 - 3,5 MW of new electrochemical storage
technologies (Flow Redox, Super-cap, etc...)

" CLEAN ‘
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St s Connection Rules of ESS
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008708 388N to the Italian Network
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A ESS must provide the following network services:

* Active power regulation
* Limitation to active power for voltage values around the 110 % of Un

* Operating in over (under) frequency conditions: the generator shall be able
to interrupt the discharge (charge) cycle and, according to its state of
charge, to absorb (deliver) active power. This function shall be excludable

* Participation in voltage control

* Voltage support during a short circuit (under evaluation)

Source ANIE 40 O CLEAN Energy) Technology
MINISTERIAL Aol
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ESS Case study from the White Paper (5)

Case study: ESS stand-alone that participate in the Balancing Market, offering reserve band for
secondary and tertiary regulation

Results: in the North-Central regions and in Sardinia the obtainable annual margin is limited to some
tens of k€. In the other areas it’s around 200-250 k€ with peak values over 300 k€ in the North

area for the secondary regulation.

In the more interesting cases these revenue are obtained with a large amount of cycles, in
particular for the technologies with a low energy/power ratio, with a consequent reduction
of lifetime; simple payback time greater than 10 years also in the better case

For the simulations we have considered ESS with different size and efficiency, parameters on which
realize a sensitivity analysis, modifying the power values, the capacity and the efficiency.

In this case study we also considered 4 different type of ESS with typical parameters of Redox, Lithium,

NaS and NaNiCl technologies
a1 " CLEAN SalrceffsE-ANIE
MINISTERIAL b e e
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ESS | Case study from the White Paper (2)

Case study: ESS that provides the primary regulation service instead of a coal power plant,

which can produce at rated power if requested by the market, instead of the 98,5% of
rated power

Results: Torrevaldaliga Nord power plant, ESS of 10 MW / 10 MWh, simple payback time
around 7 years

The following data (which refers to the period between the 1 June 2013 and the 31 May 2014)
are analyzed:

*  Power offered in MGP
* Energysold on the same market

* Sell price

In this case study we considered only the data that correspond to the case in which the total

power offered has been accepted
42 GCLEAN SNERS3 Jce %
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Our

infrastructure is

aging.

» Most assets built in
between 1950 —
1975 and

coming to the end
of its useful life.

Conservation is
the cheapest way
to accommodate
load growth.

* New large scale
generation projects are
met with opposition.

* New nuclear plants are
unpopular.

 Large hydro plants are
limited/delayed by
aboriginal land claims.

. Key Drivers of Smart Grid in
Canada

SmartGrid

CANADA o000

LEADING CANADA’S SMART GRID TRANSFORMATION

Regulators are

looking to limit

rate growth to

no more than

inflation

+ Utilities are
searching for
productivity

improvements from
smart grid

Extreme
WEEIGEIES
becoming more
common

* Ice storms and
flooding in 2014
caused several
lines to fall over
with some areas
having to survive
without power for
nearly 11 days
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SMART GRID DEPLOYMENT IN CANADA 2014

ADVANCED METERING INFRASTRUCTURE

NEW RATE OPTIONS

DEMAND RESPONSE FOR LOAD SHIFTING
OR ANCILLARY SERVICES

@O©

DISTRIBUTED ENERGY STORAGE FOR PEAK SHAVING
OR ANCILLARY SERVICES

SELF-HEALING GRIDS
(fault detection, isolation and restoration)

PLAMNED ISLANDING OR SMART MICROGRIDS
(fault detection, isolation and restoration)

VOLTAGE AND REACTIVE POWER (var) CONTROL

©®@©

UNDER STUDY / SMALL PILOTS
PARTIAL / ONGOING DEPLOYMENT

BROAD DEPLOYMENT

NEWFOUNDLAND
& LABRADOR

’
=@ PRINCE EDWARD ISLAND

@@
& @ SISI)

NEW BRUNSWICK

CanmetENERGY

I * I Natural Resources Ressources naturelles l"'l
Canada Canada ana

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources (2015)
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PUBLICLY FUNDED SMART GRID DEMONSTRATIONS
AND PILOTS IN CANADA

SMART GRID PROJECT VALUE BY TECHNOLOGY AREA 2005 - 2014

STORAGE
MICROGRIC

GRID MONITORING

AND AUTOMATION
W TOTAL PROJECT
VALUE
EV INTEGRATION M FUNDED

DEMAND
MANAGEMENT

BRE®D

‘para ManacEMENT [ 3
AND COMMUNICATION [

S

v o~ L
YUKON ) \ CYBER SECURITY

NORTHWEST
TERRITORIES

CUSTOMER ENABLING

QI[E

$50 $100 $150
MILLIONS
NEWFOUNDLAND
& LABRADOR
! ecoEll NRCan - ecoEnergy Innovation Initiative
CEF MNRCan - Clean Energy Fund
’ Sustainable Development Technology Canada -
— seTe SD Tech Fund

L] Federation of Canadian Municipalities -
PRINCE Green Municipal Fund
hot 3

/ ICE

'EDWARD ISLAND
BC - Innovative Clean Energy Fund

Alberta - Climate Change Emissions
Management Corporation

]
<
m

NEW BRUNSWICK NOWVA SCOTIA SGF Ontario Smart Grid Fund
AlF . Atlantic Innovation Fund
OCF IESO - Ontario Conservation Fund

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources (2015) Ca n m et E N E RG l
Leadership in ecolnnovation

i+l

I * I Natural Resources Ressources naturelles
Canada Canada ana a




FUND COMPARISON

STORAGE

MICROGRID

GRID MONITORING
AND AUTOMATION

EV INTEGRATION

"DEMAND
MANAGEMENT

DATA MANAGEMENT
AND COMMUNICATION

CYBER SECURITY

CUSTOMER ENABLING

=

0 10 20 30 40 50
THE MOST FUNDING COMES FEDERALLY,
WHILE PROVINCES FUND THE MOST PROJECTS
PROVINCIALLY AIF 1%
FUNDED PROJECTS
CEF 1%
ecoEll %
SGF 33%
60% | 40% fgor
OF PROJECTS OF PROJECTS
SDTC 14%
QCF 21%
CCEMC 2.8%
FEDERALLY

D

AND NATIONALLY

FUNDED PROJECTS

60

47

2 200
]
4
z 180
160 - SGF $ 33 —
140
| & ]20 OCF $6.1
Il CCEMC
ICE $4.7
CEF 100 GMF $0.35
B ecoEll
W GMF 80
W ice 60 - |
OCF
CEF
M sbTC 40 - $61 =
SGF
20 - ~  CCEMC 310
S .
PROVINCIALLY )
FUNDED PROJECTS CCEME 5.6%
ICE 2.7%
§ SDTC
OCF 3.5% ‘
GMF 0.2%
SGF19% 3 O % ecoEll 14%
OF FUNDING
0,
OF FUNDING
/ -
AIF 3%
|
FEDERALLY

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources (2015)

CEF 35%

AND NATIONALLY
FUNDED PROJECTS

CanmetENERGY

I * I Natural Resources Ressources naturelles

Canada

Canada

i+l
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Smart Grid Outlook

CANADIAN ELECTRICITY INFRASTRUCTURE INVESTMENT CANADIAN SMART GRID INDUSTRY REVENUE

2012

\ |

| |

1\
W
W
T\

\i\}
(\
4

)

$3.5B

REQUIRED ANNUALY

)
s
!

ESTIMATED EXPENDITURE
IN SMART GRID TECHNOLOGIES
IN 2014

===

\

I3

i
L\

R&D INVESTMENT YOUNG AND INNOVATIVE

$97 M 12 YEARS

AVERAGE COMPANY AGE

21%

AGED 30 OR LESS

3200

TOTAL NUMBER OF
EMPLOYEES IN 2012

L]
£ .

13%

OF TOTAL REVENUE

REVENUES FROM EXPORTS

69% . 1 T

CanmetENERGY CALCULATED $1.2 B CAD IN EXPENDITURES ON

OF COMPANIES ARE EXPORTING MARKET
SMART GRID IN CANADA IN 2014. THIS ESTIMATE IS CONSIDERED
- 2/3 CONSERVATIVE AS IT DOES NOT INCLUDE ALL UTILITY EXPENDITURES
- oF TorAL _ IN SMART GRID.
FROM EXPORTS | X
[] [ 1 ' > \ ALL OTHER STATISTICS ARE FROM 2012 AND USED WITH PERMISSION
I 4 . \

FROM THE ANALYTICA ADVISORS, 2014 CANADIAN CLEAN TECHNOLOGY
INDUSTRY REPORT - COMPLETE EDITION, (OTTAWA) 2014.

I * I Natural Resources Ressources naturelles i+l

Canada Canada © Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources (2015) Canada



' Ontario-specific initiatives  ~Mariild

LEADING CANADA’S SMART GRID TRANSFORMATION

Since 2011, Ontario has been building one of the most advanced electricity grids. $50M Smart Grid Fund was
announced by the Ministry of Energy, Govt of Ontario for projects in the following areas

o 1) Energy Storage 2) Electric Vehicle Integration 3) Microgrids 4) Behind-the-Meter 5) Data Analytics 6)Grid Automation
View their progress here http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/ .
A 2" round of funding was announced in 2015
15t comprehensive Smart Meter rollout in North America (4.8M)
15t in the world to mandate Time-of-Use pricing (4.5M customers currently)

o Committed towards empowering the consumer through the Ontario Green Button Program. Also exploring ways

to leverage data for the development of Smart Homes.

Aggressive in pursuing the value of energy storage

o 50 MW Procurement is being implemented in phases

o Phase 1: ancillary services from energy storage resulted in IESO successfully selecting 34 MW of storage from 5 providers with 12 different projects
and 4 technologies represented (Dec. 2014).
o Phase 2: remaining 16 MW being selected to provide capacity services on-going

o IESO is leading the effort to conduct an independent study of energy storage’s value, with a focus on the bulk
system.

EVs are an important future economic growth area
o As of August 2015, Ontario has over 4500 electric vehicles (EVs) on the road.

o Utilities working on identifying new EV loads on their system, and studying the system requirements for “Smart
Charging”- EV as dispatchable load & storage system.

* 13 LDCs are currently working with Plug N’ Drive to assist consumers select, purchase and install home charging infrastructure
e  Powerstream — EV studies in fleet, V2G demonstration, future integration with microgrid at head office
*  Toronto Hydro — Smart Experience EV pilot project

Other initiatives
o Green Energy & Green Economy Act was passed in 2009
* Accelerated the modernization of its grid; offers generous Feed In Tariff for Renewable Energy
o A renewed vision for energy conservation was launched in 2013; a long term Energy Plan for Ontario was
released in 2013; SmartGrid Canada commissioned a 4t year of research among Canadian electricity consumers
in order to better understand how to communicate smart grid initiatives and benefits to consumers.



http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
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http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/
http://www.energy.gov.on.ca/en/smart-grid-fund/smart-grid-fund-projects/

Smart Grid initiatives by SmartGrid 2333

CANADA o000

Y\ Re S e a rC h a n d Aca d e m i a LEADING CANADA’S SMART GRID TRANSFORMATION

* The Centre for Urban Energy (CUE) at Ryerson University is progressing 34 projects aimed at developing
marketable solutions to urban energy challenges in the areas of energy efficiency and conservation, electric
vehicles, generation and transmission, net zero homes, policy and regulation, renewables, smart grid and
storage.

* Formed in 2012, the Southern Ontario Smart Computing and Innovation Platform (SOSCIP) consortium of
seven Ontario Universities and IBM Canada uses supercomputers and advanced analytics, agile and cloud
technologies to support research and new commercial applications in critical areas including energy
monitoring and management.

* Waterloo Institute for Sustainable Energy (WISE) is a focal point of energy research at the University of
Waterloo with over 100 faculty members utilising 32 labs to lead 19 large scale multidisciplinary research
projects in areas which include smart transmission & distribution systems, microgrids, EV demonstrations and
large scale PV integration

* McMaster University’s Institute for Energy Studies is actively progressing research in the areas of conservation
and energy modelling, fuel cells, nuclear, solar and wind energy and supercapacitors which support EVs
through its Sustainable Energy Systems Laboratories.

* Ontario Centres of Excellence co-invests to commercialize innovation originating in the province’s colleges
and universities in the segments of the economy that will drive Ontario’s future prosperity and global
competitiveness.

50


http://www.ryerson.ca/cue/research/sponsored-projects.html
http://www.research.utoronto.ca/about/our-research-partners/soscip/
https://wise.uwaterloo.ca/
http://energy.mcmaster.ca/
http://www.oce-ontario.org/about-us/focus-on-sectors/energy-and-environment
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: ... Energy Sector Reforms

Mexico began a process of reforming the energy sector in 2013

The Electricity Industry Act define the concept of Smart Grid and instructs
that for its development should be considered:

» Aspects of gradualism in its implementation, and
« The impact on rates to End Users.

Energy Transition Act establishes obligations related to the of smart grids.

To date:

v In 2013, a interagency working group of smart grids was
established in order to align visions, exchange points of views and join
efforts for the development of smart grids. In this group participate:

* The Ministry of Energy;

« The regulator;

 The System Operator, and
» The electric company.

, CLEAN |
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To date:

v' The regulator (CRE) concluded its regulatory Route Map;
v" The Utility, developed its strategic plan for the development of smart gr
ids, and some AMI and PMU pilot projects .

This year, we are working on:
v Public policies for the development of smart grids
v Areport about:

 Available technologies;

 Benefits;

» Costs; and

« Current state in Mexico, and their development prospects.

v' Smart Grid program

v Integration Smart Grid Advisory Committee, which will replace
the Smart Grid Working Group which was joined in 2013.
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R&D and innovative technology Topics

- Implementing active, more efficient participation of customers to electricity markets
(active demand)

- Improving peak load management through increased interactions between
network operation and electricity customers

- Using more renewable energy sources connected to distribution
networks

- Secure energy supply and network reliability

- Medium and low voltage network supervision & automation
- Electric vehicles

- Storage

- Micro-grids & islanding

Business and Societal Topics
- Smart Grid cost-benefit analysis
- Technologies and standards
- Scalability and replicability over Europe

- Knowledge sharing .. (% CLEAN

www.griddeuel 3 M I N 1S TERIAL
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Distributed Energy
Resources (DER)

Active Demand

Storage

Innovative Power
Management at MV level

Innovative Power
Management at LV level

Micro-grid (Islanding)

Climate

Population Density

Interactions and Synergies
Among Demonstrators
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Cold & Stormy

Moderate Continental / Mild Dry Cold Warm & stormy
Continental . Mediterranean Mediterranean Continental Mediterranean
Oceanic
Semi-urban Urban Urban Rural Semi-urban S
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1. Outage Detection in the LV Network

i

1. Failure Management in MV networks
2. Decentralized Grid operation in MV network

S

. Secondary Substation Node (SSN)

or LV & MV Control Infrastructure

. Automatic Failure Detection
. Automatic Grid Recovery
. Customer Engagement

[ J
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3
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1. LV Grid Automation of Failure Mana
gement

2. MV Grid Automation of Failure Man
agement

3. Management of Islanding operation

1. Voltage Control on MV Grids

2. Anti-islanding Protection on MV Grids
3. MV Measurement Acquisition

4. Demand Response for MV Customers

1. Islanding

2. Reduction of power demand

3. Manage maximised PV production on LV network r
egarding constraints and flexibility programs

4. Encourage residents to adopt smarter habits accor .l

ding to network state

S ergy) Technology
5 T E R 1 AL Setwork
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« The focus of ELECTRA is on providing voltage and frequency
control services for power systems 2030+

« Develop and test horizontally-distributed control schemes to
provide for a dynamic power balance that is closer to its equilibrium v
alue than a conventional central control scheme
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BRPs & System Operator System Operator

The Integrated Research Programme on Smart Grids A CLEAN
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Two feasible functional architectures

Centralized managment

0 The TSO remains responsible for
reserves activation in its CA/CB

O To dispatch reserves at distribution,

increment of observability and
bi-directional TSO/DSO
communication is required

O Local problems may not be noticed
at TSO level. Local imbalances
produced at distribution levels may
counterbalance each other and at
system level it can result in
insecure load flows

The Integrated Research Programme on Smart Grids

ELECTRA IRP - April 2016

Decentralized managment

O Sub-division of the power system into
cells, each one managed by a control
cell operator

O Local problems are solved “locally”

O A cell operator is responsible for the
balance within its own cell. The
procurement of reserves can be done
in coordination with neighbouring cells

= |t allows a more flexible control
= Global reserves activation is

YES not required
CLEAN

e
e
|
N MINISTERI AL WEnerayiechnology
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The "Web-of-Cells" concept

Y Shdde T TET I N
O Cells are connected to neighbouring cells via inter-cell physical tie
lines; there can be multiple physical tie-lines between any two cells.

O Acellis in ‘balance’ when it is able to follow the planned consumption
/generation schedule.
/ Hy cel Ay N HV Cell "\

O Cells have adequate monitoring -

infrastructure installed, as well A

as local reserves capacity, M C 4 3 V/(...
| J

enabling them to resolve NS ;

I VILV Cell I v cel I \
voltage and cell balancing (w EeAIE: @;
problems locally. 2822 M ﬂ' & f e

(! il B I » ( ©n
QA cl:ell ca}n colntair:jmultiple | o @ Eﬁ BRE "

voltage levels and is manage o i ™ = o
by a Control Cell Operator. - L
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» Encourage use of ELECTRA REX to link EERA JP
Partners with IRP activity

» Support international engagement of EERA JP

» Raise profile of EERA JP to broaden partnership

» Encourage early career networking of researchers at JP
Partners

¢ Global organisation
e to/from

e ELECTRA partner or EERA JP Smart
Grid participant/associate

Global exchange

e European organisation

European « to/from
e ELECTRA partner or EERA JP Smart
eXCh d nge Grid participant/associate

e ELECTRA partner
Intra-ELECTRA * to/from
exc h d nge * ELECTRA partner or EERA JP Smart

Grid participant/associate
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The Integrated Research Programme on Smart Grids
ELECTRA IRP - April 2016
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o ETP SG: Mission and objectives

'SMAHTGHIDS

= European independent expert organization (~150 members)
- Mix of academia, utilities, industry...

= Provide a vision on technological evolutions for EC

- The Strategic Research agenda 2035 (2007 - 2012)
- The ETP view on the Work Programme 2016-2017 of the EC
- Upcoming strategic papers

= Link between national Smart Grids Platforms and Europe

- National Platform Booklet
- Flanders, Norway, Spain...

National Platform ~~ ~~ National Platform
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; ‘:National Smart Grid Technology Platforms

' SMARTGRIDS
. Smart Metering

= Smart Grid Webinars =~ ® oemndresponse

. Market Integration

= Common workshops =~ @ sca

.Regulatfon
o (|
= Booklet, available on: K
www.smartgrids.eu d ««
¢ o %%
To ¢ «
Or via e-mail: o « &
Secretariat@smartgrids.eu o
® |

Pieter.vingerhoets@energyvilleibe
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lSMAHTGHIDS

» Digitalization of the energy system (Maher Chebbo, Pieter Vingerhoets)

» Asset management (Venizelos Efthymiou et al.)

» Network reliability standards (Goran Strbac)

To be published and presented at the General Assembly
- 19th of May in Brussels
Register at www.smartgrids.eu !!
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ERA-Net Smart Grids Plus

From Local Trials towards a European Knowledge Community

funding partners from
21 European countries
and regions involved

.,. Regione /
Lombardia

ADEME

- Organize the learning to enable
CU the right technologies, market
O designs and customer adoption

(D to achieve the Smart Grids

vision & goals of Europe

o ke www.eranet-smartgridsplus.eu
l@é}my (X) Tolfw:‘szsea;vth(louncil @ E’:-?M "’ En."

il ENERG'NH/DK TEkes __.,,':‘,z‘l:gk,,...m ﬁm"q

’ N0 A ONOUSA |
A WHQVITGS

ERA-Net Smart Grids Plus will be
supported by funding from the
European Union’s Horizon2020

research and innovation
programme under grant
agreement No 64603.

Austria, Croatia, Denmark,
Finland, Flanders, France,
Germany, Latvia, Lombardy,
Norway, Poland, Portugal,
Romania, Scotland, Slovenia,
Spain, Sweden, Switzerland, The
Netherlands, Turkey, Wallonia

'q Smart Grids Plus

ERA-Net &



Sustainable European Hub for ' Smart Grids Plus
Member- States Cooperation d ERANet

_ - 4

Knowledge Transnational Families of Pilots and
Community RDD Projects Demo Projects

SET-Plan
"

. %

ERA-Net Smart Grids Plus

* Fund transnational Research and Demonstration
to implement the Smart Grids vision and goals of Europe

- * Organise the learning from Smart Grids Demos all over Europe
* Link to the relevant SET-Plan Initiatives

i —

national and regional
Grid Operators

Industry & SMEs

Program Owners
Funding Agencies

Research

Joint Calls Organisations




Smart Grids Plus
'lqERA-Net

Profiling and Formative Evaluation on Project Level
-> Success Monitoring on Programme Level

EC LEVEL KPIs

Measure contribution of ERA-Net SG+ activities
to overall goals defined by the SET-Plan.

SPECIFIC PROGRAMME KPIs AND PPIs

Measure success of Programme actions and results of
set of all projects against targets of the ERA-Net SG+.

PROJECTKPIs

Measure single projects against their own
goals and goals of ERA-Net SG+.

1 ERA-Net
0
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For more information, please visit:

e Clean Energy Ministerial: www.cleanenergyministerial.org

* |[EA Energy Technology Network: www.iea.org/techno/index.asp

* |nitiatives:
’\ (\.:;m of draft prot I : ) = ISGAN at
o ISGAN (CEM): p— EU PVSEC
WWW.iea-isgan.org ‘F S i 2015
o 215t Century Power Partnership (CEM): oo ;
www.21stcenturypower.org
o Electric Vehicles Initiative (CEM):
www.worldevcities.org 4
o Clean Energy Solutions Center (CEM): e
www.cleanenergysolutions.org
o Global Smart Grid Federation: Contact info:

russell.conklin@hg.doe.qgov
+1 202 586 8339

72 ' CLEAN
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